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Temporal variations in an animal
Grouse were fitted with continuously broadcasting radio-transmitters (53 mHz) built by UMBL. Polyvinyl chloride tubing was used to attach the transmitter package (21-25 g) to the bird (Brander 1968).
All grouse were released at the capture site immediately after being equipped with transmitters. The general behavior of the study birds was not noticeably affected by the transmitter package during the study. Males appeared to drum normally in terms of both frequency of drums and sound production, and females nested and began incubation normally. One nest was destroyed by a predator, and another was deserted after accidental capture of the hen in a mammal live-trap. Location data were not analyzed after abnormal termination of incubation. Two males were killed by avian predators, and another died accidently during the study.
An automatic radio-tracking system (Cochran et al. 1965) was used to record location azimuths which were read to the nearest degree at a five-minute sampling interval and then converted to x-y coordinates (Siniff and Tester 1965). Seven-day data periods were chosen to provide averaging of day-to-day variability in movements and a sufficient number of periods for studying temporal changes in space use patterns.
Ranges were calculated with a modification of the "computer- Range shape (Mohr and Stumpf 1966) was described by the ratio of greatest length (i.e., major axis between the two most distant fixes) to greatest width (i.e., sum of perpendicular distances from the most distant fix on each side of the major axis).
To describe how much a grouse changed the location of its range over time, two measures of variation of range location in space were developed: (1) mean activity center deviation, and (2) ratio of mean to maximum possible gridsquare use. For the first measure, the center of activity (Hayne 1949) was determined by computing means of the x-and y-coordinates of all fixes for a grouse in a seven-day period. The distances between weekly activity tenters and the mean of all weekly activity centers provided activity center deviations, which were then averaged. For the second measure, a tally was made of the number of seven-day periods in which each gridsquare within the cumulative range (i.e., that for all weeks a grouse was radio-tracked) was occupied one or more times. The ratio of the mean number of weeks in which gridsquares were occupied to the maximum possible (i.e., the total number of weeks) provided the second measure. Its value varied from 1/n (where n is the number of weeks) in the case of use of completely discrete areas to 1.0 if exactly the same space was used in each week.
Core 
RESULTS
Locations of 10 males and 3 females were analyzed for a total of 83,926 fixes and 629 bird-days. Radio-marked males began drumming on 9 April 1970 and had greatly reduced drumming activity by 10 June. Thirteen 7-day data periods, from 12 March through 10 June, arbitrarily were defined, with 9 April as the first day of week 5. With the exception of one adult killed by an avian predator about three weeks before drumming began, all radio-marked males were "active, site-associated" drummers (Gullion 1966:718).
Variations in Weekly Range Size and Shape
Several trends were evident in mean weekly range size over the study period (Fig. 1) . For both sexes, the variation in range size among weeks 1 through 3 may be partially attributable to differences in air temperature. The 7-day averages of the daily mean temperatures for these periods were -6.4, -1.4, and -7.9 C, respectively, suggesting that colder weather may have resulted in reduced movement. Beginning with week 4, mean range sizes for males and females were different, likely reflecting behavioral differences between sexes. Following the onset of the spring drumming period in week 5, mean range size of males decreased and did not again reach the week 4-5 size until week 13 (Fig. 1) . By this time drumming activity had greatly decreased. An inverse relationship is therefore suggested between weekly mean range size of males and their level of drumming activity. The comparatively small mean range sizes during weeks 6-12 were consistent with Eng's (1959) finding that the distance moved from the drumming log was at a minimum in the spring (16 March-31 May).
Weekly mean range size for females increased in an approximately linear manner from weeks 4 through 9 (Fig. 1) . Although other factors may have been involved, the relatively large mean range sizes in weeks 7-9 are probably a reflection of mate-seeking movements (Brander 1967), nest-site No pronounced sexual differences or seasonal trends in range shape were apparent (Table 2) . Large mean length-width ratios (1.71, 1.68) for two males radio-tracked before and during the drumming season appeared to be a reflection of the linear configuration of the habitat in which they lived. In a given week, the shape of a grouse's range seemed to be determined largely by the extent to which it visited seldom-used, peripheral portions of its cumulative range. The among-week variability in the shape of the ranges of most birds (average of the standard deviation of ratios for each grouse was 0.414, n = 12) suggested that range shape was transitory. Differences in ratios among birds suggested the lack of a common explanation of range shape.
Variations in the Location of Weekly Ranges in Space
It is important to determine not only changes in the size of an individual's range over time but also temporal changes in the location of its range in space. Both measures of variation of range location in space (Table 2) indicated that the ranges of drumming males were considerably more fixed in space (stationary) than those of females, as might be expected. The low values for mean activity center deviation (Table 2) showed that the center of a male's range changed little over time. Ratios of mean to maximum possible gridsquare use showed that males used the area within their cumulative ranges more consistently over time than females. Yet, the fact that ratios for males were considerably lower than the maximum of 1.0 (Table 2) indicated that males did not use parts, mainly the peripheral portions, of their cumulative ranges consistently (Fig. 2) .
Evidence of two kinds suggested that ranges of males were more stationary during the drumming period (weeks 5-13). First, smaller activity center deviations were found for males radio-tracked only in the drumming period (Table 2) . Second, of the 60 weeks of range data on males, 5 activity center deviations exceeded 0.08 km. All of these larger deviations occurred in or prior to period 5, the first week of drumming. For example, male 1628's activity center deviation in week 3 was 0.12 km, but after the onset of drumming (period 5) its weekly centers of activity fell in a tight cluster around the location of its primary drumming log (Fig. 2) . During active drumming or incubation, the geometric centers of activity of grouse generally fell remarkably close to their activity centers of biological significance-the drumming log and the nest. 
Characteristics of Cumulative Ranges
Sexual differences were found in both the pattern of development and the ultimate size of cumulative ranges. Rates of increase in cumulative range size of males tended to be large in the early weeks and again in the final week of the study (Fig. 3) . In contrast, hectarage additions to cumulative ranges were relatively small during weeks 6 through 12, suggesting the areas occupied by males then were substantially the same each week. Curves for females (Fig. 3) showed a pattern of continual increase that did not reach a plateau until just prior to the start of incubation. The size of cumulative ranges of males was found to be highly correlated (r = -0.90, P < 0.001) with the week in which radio-tracking was initiated, reflecting relatively large weekly ranges early in the study. Thus, curves are not comparable unless they originated in the same week.
No male was radio-tracked either for the entire study period or only the drumming portion of the study. A regression equation (Y -9.504 -0.553 X1 -0.006 X2; 0.01< P < 0.025) relating overall range size (Y) to initial week (XI) and number of weeks radio-tracked (X2) was used to estimate range size of males for these two periods. Resulting estimates of range size (SE = 1.18) were 8.9 ha for the entire period (12 March-10 June) and 6.7 ha for the "drumming season" (9 April-10 June). Cumulative range sizes for females (2 =16.5 ha)
were roughly twice as large as the regression estimate for males during the entire study (Table 2) . Much of the variation in use-intensity of the core area was due to a low value (40.6 percent) for an adult male which was radio-tracked in weeks 1-5 and then killed by an avian predator. Apparently this bird had not begun to use a central area consistently prior to the onset of drumming.
In all cases, the primary drumming log (Gullion 1967) was contained within the core area, and the core area was centrally located within the cumulative range. With the exception of one non-connected square in the case of one male, all core areas were single regions in space. However, as might be expected, consistency and intensity of use of gridsquares were not uniform within core areas. For example, male 1628 used an area comprised of 32 gridsquares (0.83 ha) in at least 9 of the weeks in which it was radio-tracked (Fig. 2) , whereas its core area (occupied in 6 or more weeks) was 1.61 ha in size.
Factors Influencing Use of Space by Males
The two major factors which influence the spring space use of drumming males probably are habitat quality and neighboring males (Aubin 1970). Although detailed consideration of these factors is beyond the scope of this paper, Fig. 4 provides graphic illustration of their influence.
Upland-lowland classification of habitat provides insight into the question of what determines the range selected by a male grouse. Fig. 4 ,A shows that males 1640 and 1641 both had a pronounced affinity for the upland-lowland edge. The dominant plants within their ranges included speckled alder in the lowland, oaks and hazel in the upland, and trembling aspen along the edge. The northwesternmost extent of both birds' ranges was approximately aligned with a transition zone to a sedge-willow association.
For most of its length, the boundary between the ranges of males 1640 and 1641 was found to be a region of overlap (0.47 ha) rather than an absolute line separating zones of exclusive use (Fig. 4,B) . The boundary line was drawn on the basis of greater intensity of use within individual gridsquares. Each grouse was found to confine nearly all (93-96 percent) of its use of the overlap zone to "its" side of the boundary line. Although the behavior involved in the establishment and maintenance of the boundary region is not known, the apparent effect is restriction of the range of each male in the direction of the neighbor's range.
DISCUSSION
Knowledge of a species' pattern of space use is an essential part of our understanding of its ecology and management. Insight is needed on the factors which interact to determine the size and location of the animal's range as well as the distribution of useintensity within it. In this study, the temporal variations in range characteristics which have been documented can at best be explained only partially.
